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STAB~, CONTROL,ANDPERFORMANCE

WTI!HTEOSEOFASU411ARAIL-WING UR13ANE

ByGeraldW. BrewerandRal@ W. MayjJr.

SUMMARY

An investigationofa ~- scalepoweredmodelof.atwin-boom7 airplane

wasconductedinorderto obtaina comparisonof i%sstability,control,
andperformancecharacteristicswiththoseofanall-wing-air@anedes,ign
ofthesameover-allproportions.Thesemodelsreyresentverylarge
air~kneshavinga grosswei@t ofnearly93tons,a wingspanof29)feet,
andan asyectratioof IO.6.Thetestresultsoftheall-wingdesign
havebeenpreviouslyrepotied.Thetestresultsofthetwin-boommodel
arepresentedinthispapertogetherwitha summarycomparisonofthe
characteristicsofthetwotypesofairplqne.

At thedesigncenter-of-gravitylocationofO.23meanaerocQmamic
chordthetwin-boomair@anehadabouta s-~ercentstaticmarginh“the
high-speedrangewithratedpowerandabouta ‘j-percentstaticmargin
atlowspeedtithyroyellerstidmillingandflaydeflected@o. In
comparison,theall-wingairplanehada somewhatlargerstaticmargin
forrated-paweroperationbutmuchlessstaticlongitudinalstability
at lowspeedswithpropellerswindmilding.

Thetwin-boomairplanepossessedgenerallystableorneutrally
stablevariationsoftrimelevatordeflectionwithairspeedforaU
conditionsexceptforratedpwer withtheflapdeflected.Thetwin-
boomairplanehadlessstabletrh elevator-deflectionvariationswith
atrsyeedthantheall-wingairplamebecauseofthecombinationofthe
lowerdegreeof staticlongitucHnalstabilityandtncreasedelevator
effectiveness.In general,thetwin-boomairplanehadneutrallystable
trimelevatorhtige-mamentvariationswithairspeedas co~aredwith
themorestablevariationsforthealJ-wingairplane.Theelevator
effectivenessofthehzln-boomairplanewasnearlytwicethatforthe
all-wingairplane.
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Eachajqibnehada lowdegreeof staticdirectionalstabilityand
alsohada veryloweffectivedihedralan~e. Thesideforcedeveloped
by thetwin-bocxnair@aneinyawwasverylowandwasa~pro-tely
one-halfthatoftheall-wingair@ne.

The Toweroftheruddersto trimtheairylanesdirectionallywas
low,suchthatinthelandingconditionswiththepropellerswindmill.ing
thetutn-boomairplanecouldbe trimedto only8●5° yawendtheall-wing
airplaneto onlyslightlygreaterangles.

Themximmntrimnedliftcoefficientsof1.31forthetyin-bocm
airplaneand1.03fortheall-wtngairylanegavestallingspeedsat sea
levelof& and92milesperhour,respectively.Thetiveatigatia
indicatedthatbothaiqlaneswillhaveessentiallythesameyerformmce
inrangeandrateof climb,butthereductionindragforthetwin-
boomairylaneathi@ ldftcoefficientsrepresentedincreasedperformance
overtheall-wingairphe intake-off.

IN’rRomIoN

A previous

airplaneinthe

investigationofa ~ -scalepoweredmodelofanall-fig

Langleyfull-scaletunnelindicatedthattheall-wing ,1
air@anewouldprobablymeetthefI.ytng-qualitiesrequirementsfor
largeairylanesyrovid.edthatthelow-syeecicharacteristicswereimproved.
b orderto evaluatetheyerfommncecharacteristicsof thisparticular
all-wingdesignas comparedwiththoseofan aiqlameofmoreconventional
design,testsweremadeofa lxln-boommodelhavingthesamescaleand
powerastheall-wingconfiguration.Thesemoaelsrepresentverylarge
airplanesofabout~-ton grossweightwitha 293-footwingspanand
witha totalof@OO rateabrakehorsepower●

Thispaperpresentstheaerodynamiccharacteristics,the control-
surfaceeffectiveness,anda brief=@ysfs ofthestatics~bf~tyafi
controlcharacteristicsofthetwl.n-boomaiqilaneaswellas somegeneral
comparisonsbetweenthetestresultsofthetwin-beamairplaneanclthe
previouslyobtaineatestresultsoftheall--g air@ane.Fromthe
cleterminationoftheliftanddragcharacteristicsofthetwomoaels,
performancecomparisonsrelateato staIUngspeea,talm-offrun,range,
andrateof cldmbarealsopresented.

lh thispresentinvestigationtheeffectsofelevator,rudder,and
ailerondeflectiononthemcdelforcesad momentsandonelevatoranii
rudderlulngemomentswereobtaineilwithangleofattack,angleofyaw,
flapdeflection,anapowerconditionbeingthe@ortant variable
parameters.A yawrangeof -1Ooto 150wasinvestigate.Fortests
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withtheflapdeflected,a madmmndeflectionof@o wasused.The
elevatortestswererunforseveralconstantthrustcoefficientsata
givenangleof attack;theailerontests,withpropellerswindmillQ; .
-andtheruddertests,withpropellerswindmiHing,ratedTower,and,
asynmmtricpower.Additionaltestsincludedthedeterminationofthe
effectof stabilizerandflapsettingonthemodelforcesandmoments
andalsoticludedthedeterminationofthestallprogressionoverthe
wing.

COEFFICIENTSANDSYMBOIS

Thetestdataarepresentedas standardNACAcoefficientsofforces
andnunents.Alldataarereferredto thestabilityaxes,whichare
definedas a systemofaxeshamlngtheoriginattheairplanecenterof
gravity. TheZ-afiSisintheplaneofsymmetryandperpendicularto
therelativewind,theX-axisis-intheplaneof symmetryandperpendicular
to theZ-axis,andtheY-axisisperpendiculartotheplaneof symnetry.
Thepositivedirectionsofforcesandmomentsandcontrol-surface
deflectionsareshowninfigure1. Valuesgivenforareasandlengths
inthissectionrelateto themodeldimensions.

CL liftcoefficient(Lift/qS)

Cx longitudinal-forcecoefficient(X/qS)

Cy lateral-forcecoefficient(Y/@)

cm pitching-mmentcoefficient(M/qSc’)

Cn yawing-momentcoefficient(N/qSb)

cl rolling-mmentcoefficient(L/qSb)

Che

Chr

elevatorhinge-momentcoefficient(He/b::)

rudderhtige-momentcoefficient(Hr/@~$)

tiz
Cz$= ~
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torquecoefficient
t$=$

effective-thrustcoefficient(Te/qS)

~opelleradvance-tiameterratio

forcesalongaxes,pounds

mmmnt6aboutaxes,foot-pounde

free-streamdynamicpressure,po~ Persq~e foot (P+72)

@ area (161.6Sqft)

elevatorspan (6.4oft)

r~tir span (3”06ft)

meanaeroQnamic

root-mean-square

root-mean-sqwe

wingspan (41.4

chord (3.9ft)

elevatorchord (0.@d!ft)

rudderchord (0.454ft)

ft)

hhge moment,foot-poundf3

airylanewei@t,pounds

— . .— . ——— .— - –—-——
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effectivethrustofa11proye~er~(X - ~ropuer removeJ

free-streamvelocity,feetpersecondumlessindicated ,
otherwise

proyellerqeed,revolutionspersecond

proye~erdiameter(2.167f-b)

massdensityofair,slugsyercubicfoot

angleofattackofthrustaxisrelativeto free-stream
direction,degrees

angleofyaw,degrees

control-surfacedeflection,degrees

propeller-bladeangleat0.75radius,degrees

neutral-pointlocation,yercentmeanaerodynamicchord
(center-of-gravitylocationforneutralstabi~ty
intrimnedfli@t)

horizontal-stabilizersettingrelativetothrustline,degrees
.

propellerefficiency,yercent

Subscri@a:

e elevator

r rudder

a aileron. “

.

DESCKETIONOFAIRFMNEANDMODEL
/-

Airplane

Thefull-scaletwin-boaairylanecorresyondhgtothemodelused
inthisinvesti@tionwouldhavea tisiw grossWi@t ofl~y~o ~oun~y

.— . ..— ..-. .—.—-.. . . .._— —.— ——— .—-— -—— —.---——— -— — —— - .—
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area of7920squarefeet,anda spanof29 feet.Thepower
wouldconsistoffour2rattiiWhitneyR-2800-Cenginesin

1649

tractorinstallationdrivtng1~-foot-diameterfour-bladepropellers.
Theproyosedall-wingaiqibme,towhichcomparisonismadeinthis ●

~aper,wouldhavethesametig exceptforanupwardinsteadofa
downwardreflexatthetrai~g edgeandfourverticalsurfaceslocated
at thetrailingedgeofthecentersection.Thetiportantphysicaland
dimensionalcharacteristicsofbothairpkes, lasedonthedesignof
the~ -scalemodels,arepresentedintable1. .

Model

AE a matterofeqediencethe+- scalemodOloftheall-wicgairplane,

describedinreference1,wasutildzedInthepresentinvestigationby
invertingthewing,rmovingthefourverticaltailsurfaces,and
installinga txcln-boomtail.TheO.13c’@sin flapforthetwin-loom
airphe waslocatedatthetrai~g edgeofthecentersectionbetween
thetailboomsandreplacedtheoriginalelevatoroftheall-wingdesign.
Thesmallanmuntofnegativedihedralthatresultedfromtivertingthe
originalwingto obtatisomeeffectivecamiberwouldbe expectedto reduce
thed3he@aleffectsomewhatbutwouldnotbe expectedto introduceany
first-ordereffectsontheotheraerodynamiccharacteristics.Itwas
possibleto utilizetheadvantageof increasedeffectivecamberofthe
Invertedoriginalwiqgandto compensatefortheresultingchangein
trimbytheadditionofthehorizontaltail.

~otogrqhs of thetwin-boommodeltestedintheLangleyfull-scale
tunnelareshownasfigure2,andthree-viewdratigsofthetwh-bobm
andall-wingmodelswithessentialdimensionsgivenareshownasfigure3.
Thewing,ofaspectratio10.6,consistedoftwo,highlytaperedouter
panelsattachedto a constant-chordcentersection.Theairfoilsections
werenmdifiedNACA6-seriestypetiththerear15percentofthetrailAng
edgereflexeddownward alongtheentirespan.

Thesolid-maho~ controlsurfacesticludeda constant-yercent-
chordaileronontherightoutboardpanel,a verticaltailsurfaceon
theendof eachloom,anda constant-chordhorizontaltailsurfaceplaced.
betweentheverticalfhs. Theboomangleof 130relativetothethrust
be wasdeterntlnedfromconsiderationsoftherequirementsforlanding.
Theblunt-noseplain-flap-tyyecontrolsurfaceswerenotsealedandwere
notequippedwithtabs. ThecontrolHnkagesprojectedabovetheskin
eurfaceonthemodelbutwerecoveredwithstreamlhefairingsfiomhimize
thedrag. (Seefigs.2(b)and.2(c).)

—. ——. —— —.–— ..— .__ .. .. ..—
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Themodelwasyoweredbyfour56-horsepower,
motorslocatedinthecentersectionofthewing.
to thefour-bladepropellersofrightrotationby

three-phaseinduction
Powerwastransmitted
directdrivethrough

etiensionshafts.‘Themodelwasn~tequipyedwitha landinggearand
thenacelleshadneitherinternalductingnorcowlflaps.

MErHoDsAmDTEsTs

The~-scalemodelofthet--boom air@ane
7

mainsupportstruksanda forwardstrutwhich,by
provideda meansof changingtheangleofattack.

wasmountedontwo

varyhgthelength,
TheLangleyfull-scale

tunnelandbalancesystausedforthetestsaredescribedinreference2.

k orderto Wmmlatetheflightthrust-liftrelationshipinthe
windtumnel,a thrustcalibrationofthemodelpropellerswasmadeat
a tunnelsyeedofapprodmately54milesperhour.Theeffective-thrust
coefficientTc‘ fortheumdelpropellerswasdetemdnedfromthe
differencebetweenthepropellers-oyeratingandthepropelJ_ers-removed
longitutil-forcecoefficientsobtainedwiththemodelh the
attitudeforzeroliftwithallcontrolsneutral.Themodelyropeller
bladesweresetat 17°atthe0.75radiusforthesetests;thissetttig
permitteda closeapproximationoftheflighttorque-lLftrelationshipand
an exactsimulationoftheflightthrust-~ftrelationship.The
calculatedflightthrust-~ftcoefficientcurvesforsingle-engine
o~erationat constantratedpowerat sealevelareshowninfigure4
togethertiththetorque-liftcoefficientcurvesforflightandforthe
modelwithpropellerssetat 17°. Thecurveof Tc’ plottedagainst
CL foroneTroyel.lerw5mlmilUngisalsoincluded.

Alldatapresentedinthe~~er havebeencorrectedforwind-tunnel
blockingandjet-boundaryeffectsby themethodsofreference3 apdfor
thedragtaresofthesup~ortsystam.Pitchingmomentshave%eenbased
on themeanaero@amicchord.

Thetestsofthe}- scalemodelofthetwin-boomaiqlaneconsisted

mainlyofelevator-effectiveness,rudtir-effectiveness~~ aileron-
effectivenesstestsat zeroyawandruddertestswiththemodelyawed
to anglesofappro-tely 25°,~10°,and15°withtheflapbothretracted
anddeflected@o. Elevatorandrudderhtigemomentsweremeasuredat
zeroyaw. l% addition,testsweremadeto determinetheflapand
horizontal-stabilizereffectiveness.Thestallingcharacteristicsof
thewingwereobtainedforanangle-of-attackrangethroughthestall
withthepropellerswindmilliLng.

. .——.. ___ —.— —. . —-—- --———— --
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Thepropellers-operattigelevatortestsweremadewiththefkp
bothretractedanddeflected40°bytheconstant-thrusttestmethodin
whichseveralthrustcoefficientswereheldconstantthroughtherange
of elevatordeflectionstestedata givenangleofattack.In theruddm
testsat allyawangles,thepropellers-windmilMngpowerconditionwas
runwiththeflapdeflectedkOo;theratedandasymmetricyowerconditions
wererunwiththeflapretracted.lh addition,at zeroyawtheproyellers-
windmillingcontitionwasrunwiththeflayretractedandtherated-powar
conditionwiththeflapdeflected40°. Teststithasymmetricpower
consistedofthree-engineoperationatratedpowerandwiththeleft
outboardpropelleruindmilling.Theconstant-rated-powerthrust-lift
coefficientcurveoffigure4 thatwasemployedforallthetestsat
zeroyawwasalsousedfortheruddertestswiththemodelyawed.

Alltestsofthepresentinvestigationweremadeata tunnel
airspeedofabout54milesperhourcorresponding,at standardconditions,
to a Machnumberof0.07anda Reynoldsnumberofappro-tely 1.98x 106
basedonthemeanaerodynamiccfiord.

KESOECSANDDISCUSSION L

PresentationofResults .

Theresultsofthepresentinvestigationaregiveninthesummary
curvesoffigures5 to 17whicharederivedfromtheoriginaltestdata
presentedinfigures18to 35. Theoriginaldataarepresentedforthe
mostpartas variationsofforce,moment,andhinge-mmentcoefficients
withcontrol-surfacedeflectionfora rangeofangleofattackata
givenpowercondition,flapposition,andangleofyaw.’Thegreater
emphasish thediscussionofresultsisplacedonthesuumarycurvesj
whichincludethelongitudinalandHrectionalstabilityandcontrol-
surfacecharacteristics,andontheperformanceestimatesforthe
airplanea.Allmomentsofthebasicdatawerecalculatedaboutan
arbitrarycenterof gravitylocatedat25 percentofthemeanaerQmamic
chordprojectedintotheplaneof symmetryonthethrustUne= ItWS
estimated,however,thattheadditionofthetwin-boomassemblywould
resultina rearwardshiftinthecenterof gravityfromthatused
intheall-wingdesign.Consequently,forthepurposeofemalyzing
thelongitudinalstabilityandcontrolofthetwin-boomdesign,a
center-of-gravitylocationof23percentmeanaerodynamicchordwas
chosenforthetrimelevatordeflectionandhinge-mmentsummarycurves.
Theyawing-momentandtrimrudder-deflectionsurmnarycurvesarepresented
forthe25-percentcenter-of-gravitypositioninasmuchastheywould
be affectedonlysli@tlyby the2-percentshift.

— --— —— - --.,
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Thebasicelevator,rudder,aniiailerontestdataofthetwin-boom
modelarepresentedwiththehorizontalstabilizersetatan angle
of 5.4°to thethrustline.Thedatainthesmmnaryanalysisrelated
to longitml stabilityandcontrol,‘however,arepresetiedfora
stabilizersettingof1.4°which,as showninthestabilizer-effectiveness
curvesoffigure19,providestrimforzeroelevatordeflectionat an
assumedcrulmingliftcoefficientof0.4.

Theflap-deflectedtestswererunwiththeplainflaydeflected40°.
Theflap-effectivenesscurvesoffigure20 showthatthemaximumllft
coefficientincreaseswithflapdeflection,butfordeflectionsgreater
than@o thereisno furthergatninthemaximumU.ftcoefficient.

.
Thetestsoftheall~wingmodelwereconductedat somewhathigher

yowerconditionsthanthoseforthetwin-boommodel;and,therefore,
inthiscomparisonanalysis,theyroyeller-operatjngdataoftheall-
wingtestshavebeenadjustedto thesamepowerorthrust-liftrelation-
shipas forthetwin-boomtests.

StaticLongitudinal

hngit~l stabi~~.-The
figure6 weredeteminedfromthe
curvesoffigure5 bythemethods

—

StabilityandControl

stick-fixedneutral-yotitcurvesof
pitchtig-momentMt-coefficient
ofreference4. In general,the

twin-boaairplanewill.be aboutneutrallystableover-theMft-coefficient
rangefora center-of-gravitylocationat25 percentmeanaerodynamic
chord.At thedesigncenter-of-gravitylocationof23 Fercentmean 4

aerodynamicchordtheairplanewiU.haveabouta 3-percentstaticmargin
inthehigh-speedrangewithratedpmer andabouta 5-percentmargin
at lowspeedwithpropellerswirdmillingandflapdeflected40°. A
singleinstanceofa largedegreeof instabilityis shounfortheflilght
conditionofrated-poweroperationwiththeflapdeflected40°. This
instabilityisprobablycausedby thehorizontaltailentertiga
regionofincreastigdownwashresultingfromthecoribinationoftheflap
deflectionandincreasedslipstreamoverthewingcentersectionat
thehighthrustcoefficients.As is showninthesectionentitled
“~erfo~ce Est~~s,” thisflapisnotan effectivehi@-Hft device
andalsocontributesan incrementof dragsufficientlyhi@ toreduce
seriouslytheclhbingabilityoftheairplane.Xn low-speedf~ght
withhighpower,theflap,therefore,wouldnotbe deflected;and,
accordingly,thelongitudinalinstabilityindicatedforthisflight
cotitionhaslittlesignificance.

Theall-wlngmodelhasa similarvariationofneutralpoint with

lift coefficientorairspeedanda largerstaticmarginfortherated-
powercondition.However,inlamtlngattitudesathighanglesofattack

..— .—c. —— —



10 I’JACATiNo:1649

withpropellerswi.ndmilllngjtheall-wingmodelshowslessstaticmargin.
It wasfoundtnthetestsoftheall-wingmodelthatthetestability
.inthisconditionwasassociatedwithextensivetrailing-edgeseparation
alongtheentirespn; whereasthellftandsta$ilityweremaintained
forthetwin-beanmodelbecausetheflowinthecentersection~emained
undisturbedevenatthehigheranglesofattack(fig.18).

Althou@sufficientdataarenot.availablefora completedetemdna-
tionofthestick-freeneutral~oints,an indicationofthestick-free
stabilityis givenby thevariationofthe~itching-mamentcoefficient
for Che. 0 withllftcoefficientinfigure7. Theslopesofthe

pitching-momentcurvesforthecenterof gravitylocatedat23 percent
ofthemeanaerodynamicchordindicatethattheatiplanewillhaveabout
neutralstick-freelongitudinalstabilityforalltheconditions
investigatedIn ccqarison,theall-mbgairplanewaslongitudinally
stable,elev;torfree,forallpuwerconditlowtested.

Lcmitudinalcontrol.-Thevariationsofelevatordeflectionfor
trimwithairspeed(fig.8(b))titicatethatforthecenterof gravity
locatedat23percentmeanaerodynamicchordtheelevator-deflection
rangeis stificientto &h thetwin-boomairplaneforallpwer
conditionstested.AIlvariationsaregenerallystableorneutraUy
stgbleexceytfortheconditionofratedpowerwithflapdeflected.
whichhasprevious~beenshownby theneutral-pointvariationtobe
longitudinalJ.yunstable.Thetwin-beanairplanepossesseslessstable
trimelevator-deflectionvariationswithairspeedthantheall-wing
airplanebecauseofthecoribinationof itslowerdegreeof static
longitudinalstabilityandincreasedelevatoreffectiveness.

Withthetabneutral,thefti-scaleelevatorhingemomentsfor
thetwin-boomair@.anearecoqatively lower(about1000lb-fz)with
flapretractedbutaremuchgreater(upto 3000lb-ft)withflap
deflectedthanthosefortheall-tigair@ane(fig.8(b)).Thehinge-
momentcharacteristicsforthetti-boom@he inf~ght and
trhm.edat specificair~eedsareshowninfigure8(a)tobe about
neutralJystableinthehi@-speedrangeandtohavesomede~ee of
instabilityh theverylowsyeedrange.Thehtigemcnnentsforthe
trimmedconditionsareconsiderablylowerthanthosetiththetabneutral.

me Valuesof Chb ~d Cha

all-wingnmdelofreference1 are
inthefollowingtable:

forboththetwin-boommodelandthe

comparedforsimilartestconditions

.—— -—— —---
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All-wingairplane I Twin+oomairplane t

:::
6.7
8.8

IJ..3

(:’8)

1.3
4.0
6.7
8*8

11.3

*(’g)‘:)
L-0.0071 -0.0095

-.0063 -.0105
-.0059 - .ol!29
-.0064 -.0144
-.0075 -.0157

Cha
(perdeg)

PropeU.ers
I

Rated
Windmilling power

1.3 0
4.0 0
6.7
8.8 $

11.3 I 40
I
I

tif

(d:g)(deg)
-0.0032 -0.0.046 1.3 0
-.0030 .Oo1o 4.0 0
-.0030 .0034 6.7 0
-.0030 -.0003 8.8 “40
-.0027 -.0012 1.1.3 40

4

ch~
(Perdeg) “

Propellers Rated ‘
lzbldmillingpower i

-0.0130 -0.0115
- .OSLO -.0117
-.0101 - .Omg
- .0J16 -.0143
- .0M8 -.0148

%
(yerdeg)

PropellersI Rated
lclmdmillingpower I

4
-0.0021 -0.0016
-.0031 -.0025
-.0025 0
-.0027 -.0041
-.0013 - .Olog

-—. J ... _ ._.. –.__-l .

Thehinge-momentparametersforthetwin-boomairplaneshowthatthe
apgkl.cationGffullyowerhasverylittleeffecton ch~ inthelower

angle-of-attackrangewiththeflapretracted.Withtheflapdeflected,
however,ch~ doesticreasefromabout-0.0110to -0.0145inthehigh
angle-of-attackrsmgewithfullpower.Thereis,ingeneral,a slight
reductionof %5 withincreaseinangleofattackforallconditions

ofpowerandflapdeflectionpresented,althoughforthecasewith
propeU.erswindmil.lhg c% isreducedfrom-0.0130to -0.0101per

degree.Withthepropellerswindmilld-nnjthevaluesof C% areof
theorderof-0.00~andshowno consistentvariationwithangleof .
attack.Theeffectofpoweristoproducev~uea of c% l~sg nggatjve
fortheflap-neutralcasebut,converseu,toProducea =fier l=ze
negativeincreasewiththeflapdeflected40°(upto-0.0109).

Thecomparisonbetweenthetwode8ignsshowsthatwiththeyropellas
windmillingthetwin-boomairplanehasabouta 70-lercentincreasein
thenegativevaluesof Chb. Withratedpower,therqisverylittle

. _——. _.-——-—— _ .. —-— .. ..— — — ———-—— ——-— --—- —._ ._—..
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variationof Chb with a forthetwin-boomatiplanefora givenflap

setting,althoughfortheall-wingdesi~,thereisa decidedincrease
iR Chb withangleofattack.Thetwin-toomairplanehasslightlyless

negativevaluOsof Cha tiththepropellerswindmilllng,whereaswith

ratedyowerap~liedithas,es~eciallyathighanglesofattack,nmre
negativevaluesof c% thantheall-wtngdesign.

Theveryhighne@ive valuesof Chaj whicharecharacteristicof

a @sin-flapQ_yeof controlswface,makethist~e of control-surfsce
desi~ unsuitableforsucha largeairplane.h additionto a control
surfacecarefullybalancedaerodynamically,whichwould~educeChb to

valuesoftheorderof -0.0020,theticoqorationofa power-boostsystem
wouldprobablybe required.tomaintaincontrolforceswithinacce~table
13.mits.

Elevatoreffectiveness.-Theelevatoreffectivenessforthetwo
airplanedesigns,as Indicatedby therelationd~d~e, ispresented
in the follcndngtable:

I AXL-wingdrplane

I ‘“g)=
Winamillinn

1.3 -0.0024
4.0 -.0025
6.7 -.0026
8.8 -.0024
11.3 -.0019

Rated
pmer

-0.0030
-.0032
-.0042
-.0043
-.0044

Twin-boomairplane

11.3- 0
4.0 0
6.7
8.8 ;

U..3” 40

dCq/d8e
(yerdeg)

~

-0.0055 -o .cx)69
-.0055 -.0068
-.0056 -.0064
-.0070 -.0072
-.0068 -.0072

I?orthetwin-boomairplanewithpropellerswtndmilling,theeffective-
nessparameterisessentiallya constantvalueof -0.0055withflap
retracted.Deflectionoftheflaybo”increasesthisvalueto about-oao69.
TheeffectofapplyingratedTowertotheflap-retractedconditionisto
increasethevalueof ~d~e from-0.0055to about-0.0067.Deflection
of theflapwithratedpowerticreasesdC~dbe s~ght~ %0 -0.0072.
Thetwin-boomairplanehasapproximatelytwicetheelevatoreffectiveness
oftheall-wingdqilanefortherangeoftestconditionsshown.

,
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Statio Directional Stibi13ty end control

J)irectional stability .- I&m -the characteristlca of the twin-boom airplane in yaw as
mummrlzed h figures 9 to U, the stabiMty parametem C

W
Cy$, and Cl+ are obtained

and oorqparedwith those for the all-wing dasigo tn the folkwlng table:
I

I

1

I

I

.

KU-wing airplane Twl.n-boom airpbne
Test

condition c% ‘ %+ %$ %- c- CY$ c 1$
(d:g) (per deg) (par deg) (pr *8) (L) (aeg) (per *g) (per deg) (per deg)

“r 4.8 -0.00040 0.m45 o.UK@ 40
?ropellers

-0.00045 0.0035 -O.cx)036

1

7.6 -ooxlla .ci)45 .coo22 ;:: 40 -.W>l .(X)35 -.0W26
dmwlling M..4 -.m41 .m45 .00024 11.4 40 -.oco@ .0333 0

15.2 -.03342 .CCA6 .c0033 15.2 40 -.00068 .co31 .muxl

{

-.@039 .m45 .00036 1.2 0 -.(X)050 .cdlcl -. CC021
Rated ::; -.02042 .0047 ●ow 3.5 0 -.coo53 .@10 -.00034
wwer -.00044 .0051 .mo14 o -.mo59 .0042 -.00019

2:; -.00044 .0058 .m19 ?3:; o -.coo69 .c@16 -.00040

\

4.9 -.00039 .m53 .m13 4.9 ‘o -.cc061 .oc38 -.oocle
@nmletrio 6.7 -.mo46 .0355 .com7 6.7 0 -.Oooa .0341 -.03020

power 9.5 -.coo’y) .0357 0 9“5 o -.00071 .0Q41 -.mo15
32.2 - .coo51 .0+323 -.CQO03 12.2’ 0 -.00078 .0340 -.000Q5

Theslopes in the table imlloata the ohamoteristl.oe of the Iudald for zero yaw but also
represent the charaateristios over the entire yaw range beoa-e of the linear variation of
cnr cl, ‘mdC-ywith$ Bhownlnfigumg. The Mreothnal stability of the W-boom E)
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designis showntobeverylowwith CW rangingfroma mbimumvalue
of -0.0004~withpropellerswindmilUngto a maxhumvalueof -0.00078
withasymmetricpower.Thereisan increasetn C

9
withincreased

angleof attack.Althoughthesevaluesof C
%

arequitelowfcrthe

tti-toom designtheyareapproximatdy45 percentgreaterthanthose
fortheall-w5ngairplane.

Theapplicationofhighpowerproducesa positiveside-force
increment,and,as shownh thetable,ticreasesthevalueof ~ from
0.0031withpropellerswinilmil.13ngtoO.0Q46forratedpoweratt~e
highestangleofattackinvestigatedforthetwopowerconditions.The
lateralforcedevelopedby thetwin-boomdesignran~s frcza10to
30yercentlessthanthatproducedby theall-wingairplane.Thelateral- .
forcecharacteristicsthatwouldoccurwiththeairplanetrmd direc-
t<ondly(fig.10)showonlyslightlystable~ variationsagahst
angleofyaw. me ~ ‘lW ‘f ‘$tr~ ofO.0010isaboutone-half

.
thatfortheaU.-whgairyl.ane● .

TheUhedraleffectforthetwin-boommddelisverylowand.of small
negativevalue.Thisconditionshouldbe expectedsincethewing
possessesa smallamountofnegativegeometricdihedral.Thevalues
of cl ,

w
as.tidicatedh thetable,showno systematicvsriationwith

ang@ ofattackorpowerandareabout-0.00020forallconditionstested,
exceptforpropellersw5m3milJlngatthehighestangleofattack
where %~ is0.00100● Exceptforthisstalledangleofattack,the

effective‘dihedralanglerangesfromabout0°to-2°fortheconditions
investigated.Thehi@er de~ee ofpositivedihedraleffectatthe
highestangleofattackisexplatiedbythecombinedeffectofyawand
negativedihedralwhichincreaseseffectivelytheangleofattackand
therebyinducesstallonthetrailbgwingandproducesa positive
dihedraleffect.Thetendencyforthewingto rolJtotheleftat
zeroyawastheangleofattackisincreased(fig.9)is causedby the
greaterareaof stallontheleftwingpanelshownbythest~
progressionsoffigure18. Forthemostparttheq#’fectivedihedral
isnearlythesameforboththedesi~ exceptforthechangeinsign
res@.tingfromtheoppositegeqtric dihedralusedforthetwow5ngs.

Theaileroncdracteristicsforthetwin-boomairplane(fig.2g)
areverysimilertothoseoftheall-wingconfigurationinthatthe
rateof changeofrolllingmcmentwithailerondeflectionisnearly
linearuptoailerondeflectionsofabout20°. At higheraileron
deflections,aileronstallcausesa reductionof effectivenessfor
‘bothairplanes.It isestimatedthattherollingmomentsdevelopedtith
thetwin-botiairplaneyawed15°canbetrhnedoutby ailerondeflec-
tionsofabout5°.

I—. ——. .—. . .-. .—
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Thepitching-mmentcoefficientsareessentiald.yconstantinthe
yawrangebetween*lo”fortheangle-of-attackrangeandpowerconditiofi
investigated(fig.U) . A raTiddestabilizingIitching-mmnenttrendis
shownabove10°yawwhichbecomesverypronouncedatthehighestangle
ofattackforeachpowercondition.Thecauseforthislongitudinal
instabilityisnotclearfrcunthedataavailable,butit isyossible
thatatthehighanglesofattackandhighan@.esofyawthewingand.
boomwabs mayhaveincurredsomelossofliftatthehorizontaltail.
Thelossofthes13ystreamoftheleftoutboardyroyeldmrforthe
asywnetric-mrcaseapyearsto aggravatethisnose-uppitchingtendency,
whichinticatesthepresenceofpoorflowthatispartiallycontrolled
by theproyellerslipstream.Thereis somereductionintheliftcoeffi-
cientshowninfigureX2astheyawangleis increased;consequently,
thereis @tificationforassumingthatthelossinliftatthetail
isa contributingfactorinasmuchasthetig itselfisnotsufficiently
stalledtoproducesucha severepitchingtendencyattheanglegof

. attackconsidered.An elevatordeflectionofapproximately5° offsets
anypitchingmomentdueto anglaofattackorpmmr variationovera
yawrangefrom-1o”to 12°. Eigherpositiveyawanglesintroduce
undesirablelongitudlmalcontrolcharacteristicsbut,sincethetrimned
yawrangeneverexceeds10°,thesi@ficanceofthislongitudinal
instabilityis decreased.

Directionalcontrol.-Me rudderdeflectionsreqtiredtotrimthe
airplanedirectionallyat zeroyawareshowninfigure13tovaryfrom
about2° leftto 100-rightforthef@@t conditionsinvestigated.With

. thepropellerswindmillingthereisno variationoftrimrudderdeflection
withairspeed.Fortheotherpowerconditionsthetrimrudderdeflections
increasetotherightcontinuouslytithdecreasedairspeed.

Thevariationsoftrimrudderh3mgemomentwithairspeedshowthat
forthepropellers-whlmillingf@p-retractedcontitionthereis zero .
hingemomentthroughoutthesyeed.range.ForalJ.otherconditionsof
powerandflapdeflectionthehinge—momentvariationsaresuchthat
increasingrightpedalforceswouldbe requiredwiththerw%ierdeflections
to therightaEtheairspeedisdecreased.Thesevariationsarean
improvementoverthewiderangeofforcesthatwasfond inanuqnzblished
GSiS tobe req~edto trti,firectiml-1.y,theall-wingairplane=.

Thehinge-momentvariationswithrudderdeflectioninfigure30
showcontinuousandsmoothcurvesof Chr against~ overthecomplete

deflectionrange.tithelowdeflectionrangeof*loo,however,the
slopeofthehinge-mcmentcurveisaboutone-halfthatInthehigher
deflectionrange:A comparisonoftherudderhinge-mmentcharacteristics
forthetwin-boomandtheall-wingairplanesis giveninthefoUawing.“
table:

\“

-...— — — —-, ————-—— ,-.——.—.
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All-wingairplane Twin-boomairplane
Test

condition a
/

d~r a~r a % dchrid~r
(deg) (perdeg). (aeg) (deg) (perdeg)

[

2.1 -0.0047 2.1 0 -0.0020
4.9 -.0052 4:9 0 -.0020 “

Propellers 7“7 -.0056 7.7 0 -.0023
ldmimilling 10.4 -.0060 10.4 40 -.0016

12.3 -.0061 12.3 -.0016
15.2 -.0061 15.2 2 -.0016

{

-.0040 0 -.0Q30
Rated ;:; -.0046 ;:: o -.0028

-r 5.8 -.0058 5.8 0 -.0026
8.4 -.0071 8.4 -.0039
I.1.2 -.0081 11.2 2 -.0040

{

4.9 -.Oop 4.9 0 -.0033
Asymmetric 6.7 -.0056 6.7 0 -.0032

lower 9.4 -.0061 9.4 0 -.0029
12.2 -.0065 12.2 0 -.0027

Forthetwin-boomairphne,angleofattackhasveryU.ttleeffect
ontherudderhingemoments,butabouta 5fiercentincreaseresults
fromapplication~fratedpher anda 30-fir~entfurtherincreaseresults
atratedpowerwiththeflapsdeflected40°. Fortheconditions
investigated,dC~/d~ valuesrangefrom-0.0016to -0.0040.Farthe

all-wingairplane,withtherudderslocatedatthewingtrailingedge,
dch~dar increasedwithincreasedangleofattackandwithpowerat

highanglesofattack.Fortheall-wingdesign,theslopesrangefrom
-0.00~to about-0.0080,ornearlydoublethoseofthetwin-boronairplane.

Thepoweroftheruddertotrimtheairplaneinyawisshownin
figure10tobe ratherlti. Inthesmallrangeofyawbetween~“ the
rudderd.eflectionrequiredfortrtiisabout2° perdegreeofyaw.-For
yawanglesgreaterthan*4°,howev6r,largeincreasesintheruwer
deflectionme necessarytotrimoutsmallticrementsofyaw,suchthat
atthemaximumdeflectionoftherudderstotheright(-30°)thellmiting
trhnedyawattitudeis8.50with~royellerswindmillingnearthestalUng
angleofattack.Applicatimofratedandaqmnetricynrerincreases
thetrti-deflectionangleto therightat zeroyawandconsequently u’

— .—.— —— . — . — —
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decreasestherange
samecharacteristic

.

17

of sidesU2to theri@t, althoughessentiallythe
trendsof ~ with $ areobservedasforthe

proyell.ers-windmi”l.lingoonfition.Theseresultsareverys~lar to
thoseofthetestsoftheall-wingairplaneexoeptthattherudders
wereoapableoftrimdngtheall-wingairpbe to dnglesofyawfrom2°
to5°hi@er. Thelargerudderdeflectionsrequiredinyawwillresult
inveryhighrudderhingemomentswhichwillrequirea yower-boost
systemtoproducepedalforceswithinacceptable13mits.

Ruddereffectiveness.-Ih thecurvesoftrtirudderdeflection
agabt yawthepoweroftherudderwasshowntobe quitelow,especially
inthedeflectionrangegreaterthanabout~lfl”.Thecharacteristics
oftherudderinthelowdeflectionrangeareindicatedby the
yerameters‘dC~d~ and d~/d~ inthefollowingtableforboththe
rein-boomandtheall-wingairplanes.

Test
conctition

Propellers
whdmilldng

Rated
power

Asymmetric
wr

All-wing airplane

CL,

‘ (deg)

[

2.1
4.9
7“7
lo*4
12.3
15.2

[

;::
5.8
8.4
11.2

[

4.9
6.7
9.4
12.2

dCn/d~

(per deg)

-0.00029
-.00023
-.00020
-.00021
-.00022
-.00022

-.00027
-.00026
-.00031
-.00337
-.00040

-.00026
-.00028
-.00030
- .om30

(perdeg)

0.0028
.0024
.0023
.0023
.0022
.0021

.0025

.0027

.0032

.0038

.004Q

●0027
.0028
.oo2g
.0031

a

(deg)

2.1
4.’9
7●7
10.4
X2.3
15.2

1.2

;:;
8.4
SL.2

4.9
6.7
9.4

E .2

Twin-boomair@ane

8f

(Q3)

o
0

;
40
40

0
0

$
40

0
0
0
0

-0.00015
-.00015
-.00015
-.00026
-.00026
-.oc026

-.00028
- .0002g
-.00229
-.00033
-.00033

-.00031
-.00032
-.00034
- .oc036

dCy/dbr

yerdeg)

o ●0014
.0014
.0014
.0013
.0013
.0013

.0016
●0015
.0017
.0016
.0018

.0014

.0015

.0015

.0016

Fortherudder-neutralzero-yawconditionthetwoair@anedesigns
haveapproxhatelythesamedegreeofruddereffactiveness,withthe
greatestvariationshownforthepopellers-windmUng flap-retracted

——.— .——— ———- — .—— ---— ..— ———



comll.tion.Valuesof dC~d~ rangefrom-0.00015to -O.000~forall
theconditioninvestigated.Theeffactivenessoftheruddersis
.increasednearlytwofoldby propelleroyerationat ratedpowerandby
deflectionoftheflq withthepropellerswl_ndmlU3ng.The reduction
inruddereffectivenessinthehighdefbctionrange(figs.27 end28)
isattribtiedto separationoccurringoverthecontrolsurfacesathigh
anglesofattack.

Theside-forcevariation(dCy/d~)forthetwin-boommodelshows
verylittlevariationwithangleofattack,flapdeflection,orpower
andhasan averagevalueofabout0.0015whichisapproximatelyone-half
thatshownfortheall-wingairplane.As b thecaseoftheyawing
moments,thereisan appreciablereductionintheslopeofthecurve
of lzteral-forcecoefficientaga~t rudderdeflectionastherudders
aredeflectedbeyond~lo”(figs.27 and28).

TerfomndceEsttmates

Theresultsoftheyresentseriesoftestsandthetestsof
reference1 offeran opportunityto comparetheperformanceofthese
twoatiplanes.Thedatashowthatthestabi13tyendcontrolcharacter-
isticsoftheairplanesareshilarsothattheyshouldrepresent
directlycomparablea~lanes forsuchananalyais.

.

Theliftanddragdata,however,Indicatethat,althougha
performancecomparisonc-enbemadeforthesespecificairplanes,no
generalconclusionsastotherelativeyerfomanceofthetwotypes
maybemade. Comparisonsofthecurvesof liftcoefficientafz@net
longitudinal-forcecoefficientforthepropellers-ramoved,propellers-
windmilllng,andrated-powerconditionsareshowninfigure14. With
propellersremoved,thebasicdragcoefficientofthetwin-boomairplane
isabout0.00W higherthantheall-wingairplaneintherangeof CL
fromO.2to0.8. At liftcoefficientsgreaterthanabout0.95,however,
thedragcoefficientoftheall-wingairplaneis greaterthanthatfor
thetwin-boronatiylanebecauseofthegreaterangleofattackrequired
tomaintainthesameEft coefficient.WiththepropellersInstalled
andldllamillhlg,thedragoftheall-wingairplaneisgreaterthanthat
forthetwin-boom~hne aboveliftcoefficientsofaboti0.5andis
essentiallythesameatlowerliftcoefficients.Thecurvesoflift
coefficientagainstlongitud_imal-forcecoefficientfortherated-pwer
conditionshowa similartiend,thusgreaterexcessthrustisprovided
forthetwin-boronairplane-atthehigher11.ftcoefficients.Thereis
evidentlyan adverseeffectofthetractor-propellerconfigurationon
thedragcharacteristicsoftheall-g airplane.Theperformance
characteristicsofthesespecfiicairpbes shouldnot,therefore,be
regadedas indicativeoftherelativeperformanceofthegeneralty$es
oftail-boomandall-wingairplanes.

“

—— — — .—
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Thetrimmed~ Mft coefficientwiththepropellersfidmilling
isincreasedfromabout1.03fortheall-wingatiplaneto about1.31for
theW-boom airplanewiththeflapdeflected.hOO. As desmibedpreci-
ously,thewimgoftheall-w5ngconfiguration,havingan upwardreflexed
trailinged~, wasinvertedandusedforthetwin-boomdesign;and
therebysaneadditionalcaniberwasintroducedintothewingby directing
thereflexofthetraililnged~ downward.Thusthegreatestcontributing
factortowardincreasingthemaxhnmliftcoefficientfrom1.03to 1.31
istheincre~edeffectivecdberofthewingand,toa lesserextent,
theflapdeflectionof@o. Theincreasein C~ representsan
appreciablereductfoninthestallings~eedat sealevelfrm 92to
82milesperhour.Thetoyspeedof eachairplanewithrated-power
operationisabout200milesyerhour.

.
JR orderto facilitatethe~erfomnanceestimatesofthetwodesigns,

comparisonsofthedragcoefficientsarepresented@th controlsneutral
inasmuchaa thedragofdeflectedcontrols(figs.15and16)issma~
inthelowdeflactionrangerequiredfortrim.Thevariationsof&ag
coefficientor longitudinal-forcecoefficientwithairsyeedforthe
propellers-winduillingandrated-powerconditionsaregivenh figure17.
As previouslydiscussed,thetwoairplaneshavenearlythesamedrag
belowa Eft coefficientofabout0.5orabovea speedof130milesper
hour,butthereis lessdragandthereforean excessofthrustforthe
twin-bornairplaneat speedsbelow130milesperhour.Thet--boom
airphne,therefore,wilJ.have@roved take-offandlandingperformance
butwillhaveessentiallythesamerangeandrateof clhibastheall.-
wingairplane.

Thevaluesoftheratioofmadmwmldftcoefficientto longitudinal-
forcecoefficientincreasefromabout19withyro@lers windndlling
toabout23.5atratedpowerforbothdesignsat a liftcoefficient
ofG.45ora speedofaboutlb milesyerhour. Theesttitedrange
foreachairplane,therefore,basedona cruishgs~eedof lb miles_per
houranda fuelcayacityof &300@ions, is about3500miles.The .
madnumrateof cllmhforeachaiqilaneisestlnatedtobe about600feet
yerminuteata flightspeedofabout135milesperhour. Thetake-off
runforeachairplanewascomputedassuminga levelfield,nowind,and
a take-offspeedof100miles~erhour. Onthisbasisitis estimated
thatthetwin-boomairplanewillrequirea 4100-foottalm-offrun,
whichisabout7 ~ercentlessthanthatfortheall-g airplane.Also,
to cleara m-footobstacleontab-offthetwin-boomairplanewill
reqtirea distanceofabout45K10feet,whichisa~proximately9 yercent
lessthanthatfortheall-~ airplane.

Theexcessivetistancesreqtiredfortake-off,thelowratesof
cUmb,andthelowcruisingandmaxhmzmspeedsallshowclearlythat
theseaiqiknesareunderpowered.An analyticalstudy(reference5)

.—.——.— ....—— ; ——--—— .— ——-— ——————.. . --------
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ofthecoqarative~erfomanceofUferent typesofairplanesshowsthat,
foran all-wingair@ane,theminhumtotalyowernecesseryto provide
an adequatemarginof econq atiperformance
21,000brakehopsepwer,whichiaan increase
usedforthedesignsh thisinvestigation.

isoftheor-dero;
ofaboutthreefoldthat

SUMMARYOFRlIsm2rs

An investigationofa ~-scaleToweredmodelofa twin-boomairplane“
7

hasbeenmadeto obtaina comparisonofitsstability,control,and.
Terfomnancecharacteristicstitjhthoseofan all-wingmodelof sind.lar’
proportionspreviouslytivestigated.Thesignificantresultsofthe .
investigationaresunmarizedasfollows:

1.At thedesigncenter-of-gravitylocationof0.23meanaerodynamic
chord,thetwin-boomair@smeb,adabouta 3-yercentstaticmargininthe
high-s~eedrangewithratedyowerandabouta 5-percentstaticmargh
at lowspeedwithpropellerswindmiUingandflapdeflected~“. In
comparison,theall-wtngairplanehada somewhatlargerstaticmargin
forrated-poweroyerationbutmuchlessstaticlongituMnalstability
at lowspeedswithpropellerswindmillbg.

2.Thelmcln-boomair@anepossessedgenerallystableorneutrally
stablevariationsoftr~ elevatordeflectionwithairspeedforall
conditionsexceptforratedpowerwiththeflapdeflected.Thetwin-
boomairplanehadlessstabletrtielevator-deflectionvariationswith
airsyeedthantheall-wingairplanebecauseofthecombinationofthe
lowerdegreeof staticlongitudinalstabilityandincreasedelevator
effectiveness.In general,thetwtn-boomairplanehadneutrallystable
tr~ elevatorhinge-mamentvariationswithairspeedas comparedwiththe
morestablevariationsfortheall-wingairplane.

3.Theelevatorsforboththetwtn-boomandall-uingdesignshad
~, thevariationofhingevaluesof C momentperdegreeangleofattack,

of about-0.0025perdegreewithpropellerswindmilllngbutthetwin-
boomconfigurationhadgreaternegativevalues(upto -0.0109)withrated
power.Thetwiq-hocmair$lanehadvaluesof Ch5, theV~idi.On of

hingemomentyerdegreeelevatordeflection,ranghgfrom-0.0110to -0.0145
perdegreewithrated-power’operationandfrom-0.0130to -0.03.01per
degreewiththepropellerswindmiUdngfortheconditionsinvestigated.
Thea$lwlngair@anehadcomparablevaluesof Chb withrated-power
operationbuthad Chb valuesabout70percentlowerwiththepropellers

Winamil.ling.

——— .— — - . ..



4.Theelevator-effectivenessparameterofthetwin-boomat@ane
rangedfrom-0.0055to -0.0072yerdegreeforallconditionstestedand
wasabouttwicethatoftheall-wingconfiguration.

~.Thetwin-bornairplanehadstaticdirectionalstabilitywith
ruddersfixed,withthedirectional-stabi~typarameterramging
from-0.00045to -0.00078perdegreefortheconditionstestedcAlthough
theeevalueswerelow,theywereabout45~ercentgreaterthanthose
detemdnedfortheall-wingair@ane.

6. The side force develoyedby the twin-boronairplane ti yawwas
very low andwasapproximatelyone-half that for the aU-wing aiqlane.

7. The effective dihedral angles for both the all-wing andtwln-
boomair@anes rangedfrom 0° to fi” for angles of attack belowthe staU.

8. Boththe tuin-boomandaU.-wingairplane had stable or at least
neutraXlystable trti rudder-deflection andhinge-momentvariations
withairspeed.Theall-wingairylane,however,hadanundesirable
powereffectontheruddercharacteristics.Thevaluesoftherudder
hinge-mmuentparameterch~jforthetwin-boomairplane,whichranged

from-0.0016to -0.0040perdegree,wereaboutone-halfthoseforthe
●all-wingtirp~. .

9. Thepowerof the rudderto trim the twin-beam&lane in yaw
Ws low. In the landingattitude with propellers windmilllng,maximum
rudderdeflection of -30° wouldtrti only 8.5° of yaw. Theruddersof
the all-wing airplane yrovided a trimmedyawrangefran2 0 to 5° greater
thanthat for the twin-boomairplane.

10.Theruddereffectivenesswasapproximatelythesameforboth
designsinvestigatedinthelowrudder-deflectionrangewithvaluesof
therudder-effectivenessparameterrangingfrcm-0.00015to -0.000hOper
degreefortheconditionstested.

U..Themaximmtrhmed liftcoefficientforthetwb-boomalqibne
was1.31comparedwith1.03fortheall-wingairplane,andgavea reduction
in stalMngspeedoffrom92to 82 miles Per hour. This increase in
mmdmumMft coefficient for the twin-boomairplan.ewasaccmqlished
largely by the increased effective camberof the wingresulting from
a downward reflexed trailing edge. Theindicated toy level-flight
speedof each airplane at sea level with rated ywer wasabout200miles
per hour.

12.Thet~-bomn airylanewillhaveabouta 7 yercentshortertalm-
offrunandwillrequire about9 percentlessdiSt~Ce to Ch~ a n-foot

.——.———— -—-. ——— ——-—.—
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obstacle
thesame

NACATNNO. 164g
.

thanthe all+dng airplane. Both airplanes haveessentially
performanceh rangeandrate of climb.

.

LangleyAeronauticallkborato~
NationalAdviscqCommitteeforAeronautics

LangleyField,Vs.,March23,1948
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TABIEI ‘

FHK3CALAIUIMMENSIORAL~ICS OF,SIMMRAIL-WIKG

A3J.-wfngair@9na !MJ1-bocmairpkla
.

Daaign~a waight.,lb.. . . . . . . . . . l~,mxl U-7,m

WJlg:
Area, aq ft . . . . . . . . . . . . . . . . 7m 7%Q
Span,ft . . . . . . . . . . :. . . . . .
$laanae~c o=c.&;. . . . . 2% 2?’2
Locntlonof mm a

behindroo tohordleamlgadga, ft . . . 1.74 1.74
Aqmtr atlo . . . . . . . . . . . . . . . D .6 ID.6
Taperratio . . . . . . . . . . . . . . . . 0.’al 0.20
Rootaeotion (aynqwtricd to 0.85c’). . . . w 63,4-o2o w 63,4-02Q
Tip seotion (qmefmicel to O.@c’) . . . . NACA65,3-018 w 65,3-oI8
Traillng-adgareflexmdl.fication

baMngO.@ ’..,..... . . . . . y
Dihedral, outarpanel, deg . . . . . . . . . -1.7
Wlng+mlat,dab. . . . . . . . . . . . . . 0 0
Sweapbaukof 20-~t-chord Mm, dag. . 0
w@loadlng, lb/sqft.... . . . . . . 22.1 22.:

,
Horizontaltail:

Total ama,aqf t...... . . . . . . . --------------------- ---- w
Elevator area behindbin@ 13ne, q ft . ‘. 193 m3
Elevator beAnce, ~rcant . . . . . . . . . 12.7
Span,ft . . . . . . . . . . . . . . . . . 48.2 4?:;
Root-mam-qmraohord, ft . . . . . . . . 4 4.51
~@jWrcmtm@rd . . . . . . w -------------------------
HingeM.ne,percent -bilizar ohord . . . -------------------------

.Maxlmmdaflaution,deg . . . . . . . . . . 10, -y 10, -$

vertical till:
Tot. darea,aqf t...... . . . . . . . 820 . 400
Ruddarar8ak&dndMngel.jne,

Sqft, tow . . . . . . . . . . . . . . 267
Ruddarbalanw, parcant . . . . . . . . . . 12.3 U?g
Vertical-tail helgbt abovewlmg

trailing edge, ft....... . . . . 19.8 28.8
Root-maan-aquararddarohord,ft . . . . .

‘Hingalina, ~rcantof fin chord . . . . .
3.02 3.B

70
Mamnmdeflaotlnn,deg... . . . . . . . $ W

kilaron:
Ar%bahlndMngaUne,e@,aq ft . . .
AibrOnbalance,proant . . . . . . . . . 174 . ti?k
Span,ft . . . . . . . . . . . . . . . . .
Root-man-aquaohord,ft . . . . . , . . 3.% 3.2
HingaMna, p3rcent wingchord . . . . . . ‘ @ &
l~deflacwm,dag . . . . . . . . . . 10,-30 10,-30

Flap:
SImn,ft . . . . . . . . . . . . . . . . . ------- ------------------
ChOrd,ft . . . . . . . . . . . . . . . . . ------------------------- 5.2?

ProPaller:
I%algnation. . ...’..... . . . . . . HamiltonStandard6491A-O HemlltonStandard6k91A+l
Diameter,ft . . . . . . . . . . . . . . . v .167 15.I.67
Ihmberofblades . . . ...” . . . . . . . 4 4
Oearratio . . . . . . . . . . . . . . . . 0.45 0.45

—-. . ‘+s$--’
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~~jofive wind
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Figurel.- Systemofaxesandcontrol-surfacehingemomentsand
deflections.Positivedirectionsofforces,moments,andangles
areindicatedbyarrows.
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(a)

Figure

Three-quarter frontview; propellers removed; tare d- strut installed.,

2 .- The ~-scale mdel of a ‘cwi&boom airplane xmmnted for bat in the Langley

fdl-soale tunnel.
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(b) Three-quarter front view; propellers ‘inetslled.

Figure 2.- Continued.



.

--— . ..=— -. ..— — --- .- —.———. . ..— -.



i

1

I

1

1,

I

(0) Rear vIew; propellers removed.

Figure 2.- Concluded.
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Figure 3.-

4_t&k&___
1

(a) Twin-horn m~del.

Three-view drawings of the ~-scale models tested ti the Qey full-scale

tunnel. (Ml dimensions are in inches.)
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I FJpij
9699— & @e
89.6=+ Ifzw

—@ thrust— – , 7. -

(b) All-wing mcdel.

. .

Figure 3.- Concluded.
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o .2 .-4 -6 .8 @ [Z L4Liftcoefficient, CL ‘

Figure4.- Variationof effective-thrustcoefficientandtorque
coefficientwithlift coefficientfor a singlepropeller. Sea’-

W 22.4poundsper squarefoot.level operation;~ =
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Figure5.-Effectofpower

fjxed;centerofgravim

andflapdeflectiononthevariationof Cm withCL. Stick

at0.25meanaerodmc chord;~ = 1.4°;~a=OO;br= OO.
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o

I 1 I 1 1 I I I I
Propellers VJbdmilhg, 8f = 400

I r ~’

o .2 .4 .6 .8 /.0 42 L4

~t coefficient,CL

Figure6.-Variationofstick-fixedneutralpointwithliftcoefficient.~ = 1.4°;
aa= 00;br= 00.

+
I I I I I I I

Rated@.wer,df=(F
i

/PropellersWhMlling, 8f =@
I
J

/
i

— ————---- -
Propellersw-,” d

6f =400
I Ratedpower,af =4@

I I I I I I y

Liftcoefficient,CL

Figure7.-Effectofpowerandflapdeflectiononthevtiationof cm withCU Stick
free;centerofgravityat0.23meanaerodynamicchord;it= 1.4°;~a= @; br= OO.
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Figure8.-

NACATN NO. 1649

am 100 PO IX41 E() L!30 m
MI-w=%v,m@

(a) AssumedtrimmedflightCmdS&ma.
.

m 80 100 l.. 140 160. 180“ 200
Am!JeEd,v,mph

(b) ‘lab nau!ral taat codtlom.

Variationof elevatordeflectionandelevatorMngemoment
for trimwithairspeedatsealevel. Centerof~avity aEO.23mean
aerodynamicchord; ~ = 1.4°; tja= OO;ijr= O .

.

d
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‘/2 ‘~ ‘4 o 4 8 ,2 ,6
Left Angleof yaw, $, deg A&@

(a) Propellers~~; ~f.-400,

Figure9.-Variation-of~, ~, and Cl withv. Controlsneutra.i.
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a, deg
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Figure9.-Continued.

.

.

——. . .– –.__ ___



NACATNNo. 1649 39

.

.

●OZ‘

o‘ . ~ ‘=- ==: ‘-- -“---—. < ~.— --=4

Y02 ‘

.0(5

/
, ●O4- /

o“

.

–.’08‘ 4.9
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(c)Asymmetricpower; af =OO.
Figure9.-Ccmcluded.
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Left Al@eofmw, *,%
R/ght La+’

tiofyaw,t, d~
R@t

(a) Frc@l.9rs ~, bf . 40~. (b) Fideltxnva; Of=@.

I

Figure 10. - Variation of rudder deflection and lateral-force coefficient for trim with
angle of yaw. 15a= @; 6e= d.
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.Z ‘ t i I
a, deg

./
4.9
6.7_–— __— — — — — — — — —
9.5—— ! /

0 ~ —.—___.— — ~

%2 -8 ‘4 O 4 8 12 16
Left Angleof yaw, # , deg R..p

(a) Aspmnetric power;6f=OO.

‘. /
~ deg

1.2 — . — . _ _ — . . . .
3.5

0 .5.8‘~–~ /
8.5—-— / /

7/-,> -8 -4 0 # /2 /6
Left Angle ofyaw,+,deg I@ght

(b)Ratedpower;~ =00.

./
a, deg

4.8, — — — . — — — — . — —
7.6_______

o 11.3—— /
15.2--- /,.’

‘/f I y:0LA-./ -

7’-/2 -8 --4 0 4 @ /2 16
Left Angle ofyaw,-+,deg Right

(c) Propellerswin~g; 8f=40°. T

Figure11.- Variationof Cm with# and CM Controlsneutral;center
ofgravityat0.25meanaerodynamicchord. “
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Figure13,- Effedofpowerandflapdeflectiononthevarlatlouofrudderdeflectionad rudder
hingemomentior* withairspeed,Sealevel;v = d; ba= @; ISe= F. s
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I ! ! ! ~ I I I
?08 I * L I

Twin-boom,propellem~, ‘ =13.3°
I I I 1 r

“w I I ! I I
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~, a= 10.’P
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~-, ratedpwer, a=134° I

I I 1-./z_,6+2 -B -4 0 4
Eight -= defkctkmj0r, d%. Le7?8
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Figure15.- Variationof longitudinal-forcecoefficientwithrudder
deflectionfor thetwin-boomandtheall-wing-lanes athighan#es
of attack. Propellersw@dmiU@; ratedpower; 0a =oo;~e=o;
6f = 00.

Figure16.-
deflection
of attack.
6r = 00.

r Twin-boo~rmopellers708 ~, a=1z40
v I ,

L !
i !

-.04 fill-~g,propellers~, a=n.~ —

o
All-wing,ratedpower,a = 12.fi

.04 >->=++’+-+ ;
----

L~ in-lmom,ratedpower, a =13.2° I I

I I I I ]=%s=“O%:‘“-12-8 -4 0 4me=~rdw=~~,% @ Down
,

Variationoflongitudinal-forcecoefficientwithelevator
forthetwcb-boomandtheall-wingairplanesathighan#es
PropellersvhdmiU@ ;ratedpower;6asoo;~f=o;
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Flgur@ 17. - Variation of longitudinal-force coetiicient with airspeed at sea level for twin-
boom and sM.-wing airplanes. Controls neutral.
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Fig&e

a= 16.90;CL = 1.28

~lTlllll l\!\ I

a= 14.1°;cL = l.~

a * 12w; CT = 1.15

~ = 9.5°;cL = o.96

-,1111 “

a = -0.60; CL = o

=@=
L-57007

18.-Stallprogressionoverthe ~-scale modelof thetwin-boomairpkme.

Propellerswin~; controlsneutral; V x 55milesperhour.
— . ———.
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Figure20.-
withu.

.

Angleof attack,a, deg
.

Effectofflapdeflectionontievariationof CL, Cx, and cm
Propellerswindmilling;V = OO;it = 5.4°;controlsneutral.
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(a) 6f = @. (b) 6f = 4@.

Figure 21. - Effect of a and 6f on the variation of CL, ~, and Cm with 8 ~.

p~pe~ers ~; W= C&it= 5.40; 6a=@; 6r=~.
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“28 -Z4 –20 +6 –/2 -8 -4 0up 4
Elevatoraanection.13e,deg &n

,- (a) 6f =4&.

4-

0
i?8 -24 -20L@ -/6- -/2 -8 -4 0 4

Elevatordeflectloq6e,deg L&n

(F.))‘ 5f = d’.

l?i~e22.- Effectof@ and Tc’ onthevariationof CL tith6e.
*“F; q = 5.4°;da=OO;ar=(P.
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Figure 23, - Effect of a, Tc 1, and 6 ~ on the variation of C= With 58.

Y= (P; it =5.40; 6a=oo; ~=clo. /?)
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(a) 6f = @. (b) Uf= 403.

Flyre 24. - Effect of a, Tc’ , and Cif on the variation of ~ with 6e.

*=OO; it=5.40; lsa=oo; $=00.
.
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Figure25---Effectof a and @ ontie variationof ~e’ with ije.
Propellerswindmillhg;* = OO;it= 5.4°;da=N; %r=N.
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(a) Isf = OO.

Figure26.- Effect of a, Tc’, and 6f on tie variation of C& ~~ 6e. v = OO;

it= 5.40;ila= 00;6r = OO;

.
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-28 -Z4 -20 -/6 -12 -8 -4 0 + 8
up ElevatorWIWUO% 6e, deg Down

(b) t+= 40°.

Figure26.- Concluded.
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Figure27.- Effect of a end ~f on the variation of CL, ~, +, and ~ with ~~.

Propellers -~; $=00; ~=5.4°;6a=00;6e =0%
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F’igu3e 28.- Effect of angle of att.ac~ power, and flap deflection on the variation of CL, ~,

f+, and C, with 6r. $=00; +=6.40; 6a=oo; (se=oo.
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Figure29.- Effect of a and 61 on the vmiation of CL, ~, Cl, and ~ witi 6a.
.

Pro@lerswimlmU@; y =GO;q = 5.4°;6e = (P; ar . @. g
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l?igure 29.- Concluded.
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F&we 91,- Effect of angle of attack, power, and flap deflection on”tie vm.latlon of CL, ~,

Cy, and q with br. $=50; ~= 5.40;Isa=oo;6e=oo.
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Figure32.- EMect of emgle of att@ power, and flap deflection on tie t@ation d CD ~,

~, and ~ With q.. $=ld’; $=5.4°;6a=@;6e =@.
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Figure 33. - Effect of angle of attack, IMwer, and flap deflection on the variation of CL, C=,

Cy, and ~ with 6T. *= 16°; q= 5.40; &a.= 00; 6e=oo.

=Y



I

I



!a

I

I

t

Figure 36.- Effect of angle of a% power, and flap deib+ion on tie vaxiation of CL; ~,

Cy, ~ ~ ~~ br. * = -lOO;~ = 5.40; 13a= ~; ~ = N.


